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Jones)

In reviewing this book I am going to say some harsh things about it. From this
one might think that I did not like the book. In fact, one would be wrong to think so. For
this reason I wish to state up front that I did like the book. It was an ambitious
undertaking and I think that the author has, for the most part, pulled it off. This
extremely broad and rich book will allow those non-specialists with a sufficiently long
attention span to obtain a good understanding of what cosmic rays are and what cosmic-
ray research is all about. I have pointed out things that bothered me because I believe
that the book is good enough for a second edition and I hope that these matters can be
addressed at that time.

According to the dust jacket, Professor Michael Friedlander wrote this book for
the “amateur scientist and the educated general reader”. I would just add to this statement
that the reader should be rather ambitious; there is a great deal of material here and
someone who is easily discouraged will have a hard time getting through it. The entire
sweep of cosmic-ray research is here, starting with the very beginning in 1911-1912
when Victor Hess showed, in a series of balloon flights, that the mysterious radiation that
discharged electroscopes despite all attempts to shield them dramatically increased with
altitude and thus came from outside the earths atmosphere. The story continues through
the 1930s, 1940s and into the 1950s when cosmic-ray studies were divided into two

primary areas, the study of the elementary particle interactions of the extremely high



energy particles and the study of the effect of the geomagnetic field on the propagation
and arrival at earth of these particles. In the 1950s the development of laboratory based
particle accelerators shifted the former area away from cosmic rays leaving the field
primarily concerned with the geophysical and astrophysical aspects of the phenomena.

The sweep of this book is broad and up to date; there are very few topics that
are left out (shortly, I shall mention a couple of topics that I would like to have seen
included but were not.) The latest information and understanding is included such as the
detection of neutrinos from supernova 1987A and the ultra high energy particles that
seem to defy the limits on energy and distance of travel implied when one considers the
effect that the universal microwave background would have on such particles.

In this book the reader will find almost everything the educated layman would
want to know about cosmic rays (well, almost everything); there are chapters on
geomagnetic effects, high energy particles from the sun, the propagation of cosmic rays
through the galaxy, origin theories and electrons, gamma rays and neutrinos. There is a
chapter on the elementary particle physics done with cosmic rays as well as one on the
role of cosmic rays in radiocarbon dating in archeology and biological effects. As one
might imagine, organizing all of this material into a coherent whole is a daunting task.
While this book does not flow like a novel I would say that the author has done an
admirable job of putting it all together.

In a book that includes so much it is inevitable that questions of style and
organization would arise. I found several digressions and detours that were disconcerting
to me. For example in discussing the role of the geomagnetic field in the determination

that cosmic rays were (mostly positive) charged particles, the narrative shifts into a



history of magnetic field research starting with Gilbert. At this point I found myself
wanting to get on with the cosmic-ray story but, on second thought, I realized that the
reader for whom this book was written might want just such an aside in order to gain a
little perspective on the subject. There is nothing more frustrating than running into an
unfamiliar and unexplained concept while valiantly trying to follow an argument. I
suppose that in such a situation it is better for the author to err on the side of over
completeness rather than incompleteness; after all, one can simply skip the parts that are
already known.

There are places where I believe that this lack of compactness interferes with
understanding. For instance, on page 75 there is a long paragraph on the structure of
nuclei with no mention of neutrons. Finally, after a good bit of intervening material, they
appear on page 79 in a discussion of isotopes. I believe that a clearer picture of the
nucleus would have appeared in a more unified discussion. Another example is in the
chapter on the origin of cosmic rays. In the early part of the chapter the well knc;wn
historical supernovae and the history of their observations is discussed. Later, the chapter
turns to observations of the remnants of supernovae with the Crab nebula serving as the
archetype. Although there is a good discussion of the history of observations of the Crab
it goes on for three pages before the connection of the Crab with the famous supernova
of 1054 is mentioned. I believe the story would have flowed a bit more smoothly had this
been mentioned much sooner.

As I have said previously, I feel that there were omitted topics that should have
been included. The first is the role played by neutron monitors in the elucidation of the

low energy end of the spectrum and the dependance on energy of solar modulation. These



detectors, that are especially sensitive to the low energy nucleonic componenet, are
operated by many universities and research organizations over a wide range of
geomagnetic latitudes. As is explained in this book, the geomagnetic field makes
detectors at different latitudes sensitive to different regions of the energy spectrum. Thus,
studying the time variations of these detectors gives valuable information about how the
solar wind effects cosmic rays at different energy. There is a wealth of information that
could have been given here as well as stories of high adventure, such as the smuggling of
data out from under the noses of rebel guerrillas in certain South American countries.

A second topic that I wish had been included is the acceleration of charged
particles by plasma shocks. While the author does mention that a shock of this type does
exist at the outer edges of supernova remnants he does not mention that the process of
shock acceleration is now widely held to be the primary process that accelerates the bulk
of the galactic cosmic rays. In fact, in the discussion of the anomalous cosmic rays that
are accelerated by the solar wind from interstellar neutral atoms, the author states that
they are accelerated by the solar wind by some means whereas the overwhelmingly
accepted notion is that it is the solar wind termination shock at =80 - 100 AU that is
responsible for the acceleration. I think that a process that plays such a central role in our
understanding of the source of cosmic rays deserved some mention.

I now come to the unpleasant part of any review. Up to now my complaints have
been to a certain extent issues of taste and opinion, organizational issues, things not
included that I would like to have seen included and so forth. Now I must address

statements made in the book that are simply wrong. There are several misstatements in



this book; some perhaps caused by unintentional changes made between the authors draft
and the printed version but surely some of them arising out of misconceptions.

First of all, contrary to the statement on page 64, the Ulysses spacecraft can not
be confined to the ecliptic and go to high latitudes; the statement is an oxymoron as it
stands. I feel certain that the author did not mean to say this but the words were garbled
somewhere in the production process. Unfortunately, at the bottom of the same page an
explanation, that I presume was intended by the author, is given in some detail and is
completely wrong. The statement is as follows: “Because of the sun’s rotation, the solar
wind does not simply stream out along straight radial directions like the spokes on a
wagon wheel but follows curved, spiraling paths, in what is often called the garden hose
effect. The Earth thus encounters the solar wind coming from a direction slightly ahead
of the direct Earth-sun line.” Now the second sentence is true and it is due to the sun’s
rotation but this is not the garden hose effect and the wind does follow straight lines. The
rotation of the sun gives the particles of the wind an initial component of velocity in the
direction of rotation as well as an outward one so the analogy should be to the spokes of a
bicycle wheel rather than a wagon wheel. The garden hose effect refers to the spiral
pattern that the magnetic field of the sun takes as it is dragged out by the wind. This is
exactly what happens in a spinning lawn sprinkler. Each drop of water flies straight out
along the radial direction but since subsequent drops are emitted at slightly different
directions due to the rotation of the nozzle all of the drops together form a spiral pattern
while each one travels radially outward. In fact the garden hose angle of the solar

magnetic field at the position of the Earth is not slight but about 45° from the Earth-sun

line.



The last incorrect statement that I feel I should point out is, again, one of those
sentences that I believe got mixed up somewhere in the production process because it can
be corrected by inserting only a few words. There have been no air showers initiated by
100 TeV electrons coming from SN1006 as was stated on page 146. They were initiated
by ~3 TeV gamma-ray photons produced by 100 TeV electrons in the supemova
remnant. As was stated on several occasions in this book, interstellar magnetic fields
would tangle up the path of electrons so much that it would be impossible to tell where
the came from if any such electrons had been observed (they have not) whereas photons
come in straight lines from their source often revealing their point of origin.

Finally I would like to comment about a remark the author makes on page 218
that I can not claim is wrong but which I, nevertheless, wish he had not made. This is the
statement that perhaps 800 cases of cancer are produced by cosmic rays per year in the
United States. Here the author is venturing onto murky and controversial waters. This
estimate is based on a linear extrapolation from high dose data down to near zero dose
rate (the linear model with no threshold.) It is well known that living organisms have the
capacity to self repair if the traumas they receive are not too large or frequent. Whether or
not this includes very low levels of ionizing radiation has not, to my knowledge, been
established. But, as the author states the effect is “lost in the noise” and it may not, in

fact, exist at all.
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In reviewing this book I am going to say some harsh things about it. From this
one might think that I did not like the book. In fact, one would be wrong to think so. For
this reason I wish to state up front that I did like the book. It was an ambitious
undertaking and I think that the author has, for the most part, pulled it off. This
extremely broad and rich book will allow those non-specialists with a sufficiently long
attention span to obtain a good understanding of what cosmic rays are and what cosmic-
ray research is all about. I have pointed out things that bothered me because I believe
that the book is good enough for a second edition and I hope that these matters can be
addressed at that time.

According to the dust jacket, Professor Michael Friedlander wrote this book for
the “amateur scientist and the educated general reader”. I would just add to this statement
that the reader should be rather ambitious; there is a great deal of material here and
someone who is easily discouraged will have a hard time getting through it. The entire
sweep of cosmic-ray research is here, starting with the very beginning in 1911-1912
when Victor Hess showed, in a series of balloon flights, that the mysterious radiation that
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altitude and thus came from outside the earths atmosphere. The story continues through
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energy particles and the study of the effect of the geomagnetic field on the propagation
and arrival at earth of these particles. In the 1950s the development of laboratory based
particle accelerators shifted the former area away from cosmic rays leaving the field
primarily concerned with the geophysical and astrophysical aspects of the phenomena.

The sweep of this book is broad and up to date; there are very few topics that
are left out (shortly, I shall mention a couple of topics that I would like to have seen
included but were not.) The latest information and understanding is included such as the
detection of neutrinos from supernova 1987A and the ultra high energy particles that
seem to defy the limits on energy and distance of travel implied when one considers the
effect that the universal microwave background would have on such particles.

In this book the reader will find almost everything the educated layman would
want to know about cosmic rays (well, almost everything); there are chapters on
geomagnetic effects, high energy particles from the sun, the propagation of cosmic rays
through the galaxy, origin theories and electrons, gamma rays and neutrinos. There is a
chapter on the elementary particle physics done with cosmic rays as well as one on the
role of cosmic rays in radiocarbon dating in archeology and biological effects. As one
might imagine, organizing all of this material into a coherent whole is a daunting task.
While this book does not flow like a novel I would say that the author has done an
admirable job of putting it all together.

In a book that includes so much it is inevitable that questions of style and
organization would arise. I found several digressions and detours that were disconcerting
to me. For example in discussing the role of the geomagnetic field in the determination

that cosmic rays were (mostly positive) charged particles, the narrative shifts into a



history of magnetic field research starting with Gilbert. At this point I found myself
wanting to get on with the cosmic-ray story but, on second thought, I realized that the
reader for whom this book was written might want just such an aside in order to gain a
little perspective on the subject. There is nothing more frustrating than running into an
unfamiliar and unexplained concept while valiantly trying to follow an argument. I
suppose that in such a situation it is better for the author to err on the side of over
completeness rather than incompleteness; after all, one can simply skip the parts that are
already known.

There are places where I believe that this lack of compactness interferes with
understanding. For instance, on page 75 there is a long paragraph on the structure of
nuclei with no mention of neutrons. Finally, after a good bit of intervening material, they
appear on page 79 in a discussion of isotopes. I believe that a clearer picture of the
nucleus would have appeared in a more unified discussion. Another example is in the
chapter on the origin of cosmic rays. In the early part of the chapter the well kn(;wn
historical supernovae and the history of their observations is discussed. Later, the chapter
turns to observations of the remnants of supernovae with the Crab nebula serving as the
archetype. Although there is a good discussion of the history of observations of the Crab
it goes on for three pages before the connection of the Crab with the famous supermova
of 1054 is mentioned. I believe the story would have flowed a bit more smoothly had this
been mentioned much sooner.

As [ have said previously, I feel that there were omitted topics that should have
been included. The first is the role played by neutron monitors in the elucidation of the

low energy end of the spectrum and the dependance on energy of solar modulation. These



detectors, that are especially sensitive to the low energy nucleonic componenet, are
operated by many universities and research organizations over a wide range of
geomagnetic latitudes. As is explained in this book, the geomagnetic field makes
detectors at different latitudes sensitive to different regions of the energy spectrum. Thus,
studying the time variations of these detectors gives valuable information about how the
solar wind effects cosmic rays at different energy. There is a wealth of information that
could have been given here as well as stories of high adventure, such as the smuggling of
data out from under the noses of rebel guerrillas in certain South American countries.

A second topic that I wish had been included is the acceleration of charged
particles by plasma shocks. While the author does mention that a shock of this type does
exist at the outer edges of supernova remnants he does not mention that the process of
shock acceleration is now widely held to be the primary process that accelerates the bulk
of the galactic cosmic rays. In fact, in the discussion of the anomalous cosmic rays that
are accelerated by the solar wind from interstellar neutral atoms, the author states that
they are accelerated by the solar wind by some means whereas the overwhelmingly
accepted notion is that it is the solar wind termination shock at =80 - 100 AU that is
responsible for the acceleration. I think that a process that plays such a central role in our
understanding of the source of cosmic rays deserved some mention.

I now come to the unpleasant part of any review. Up to now my complaints have
been to a certain extent issues of taste and opinion, organizational issues, things not
included that I would like to have seen included and so forth. Now I must address

statements made in the book that are simply wrong. There are several misstatements in



this book; some perhaps caused by unintentional changes made between the authors draft
and the printed version but surely some of them arising out of misconceptions.

First of all, contrary to the statement on page 64, the Ulysses spacecraft can not
be confined to the ecliptic and go to high latitudes; the statement is an oxymoron as it
stands. I feel certain that the author did not mean to say this but the words were garbled
somewhere in the production process. Unfortunately, at the bottom of the same page an
explanation, that I presume was intended by the author, is given in some detail and is
completely wrong. The statement is as follows: “Because of the sun’s rotation, the solar
wind does not simply stream out along straight radial directions like the spokes on a
wagon wheel but follows curved, spiraling paths, in what is often called the garden hose
effect. The Earth thus encounters the solar wind coming from a direction slightly ahead
of the direct Earth-sun line.” Now the second sentence is true and it is due to the sun’s
rotation but this is not the garden hose effect and the wind does follow straight lines. The
rotation of the sun gives the particles of the wind an initial component of velocity in the
direction of rotation as well as an outward one so the analogy should be to the spokes of a
bicycle wheel rather than a wagon wheel. The garden hose effect refers to the spiral
pattern that the magnetic field of the sun takes as it is dragged out by the wind. This is
exactly what happens in a spinning lawn sprinkler. Each drop of water flies straight out
along the radial direction but since subsequent drops are emitted at slightly different
directions due to the rotation of the nozzle all of the drops together form a spiral pattern
while each one travels radially outward. In fact the garden hose angle of the solar
magnetic field at the position of the Earth is not slight but about 45° from the Earth-sun

line.



The last incorrect statement that I feel I should point out is, again, one of those
sentences that I believe got mixed up somewhere in the production process because it can
be corrected by inserting only a few words. There have been no air showers initiated by
100 TeV electrons coming from SN1006 as was stated on page 146. They were initiated
by ~3 TeV gamma-ray photons produced by 100 TeV electrons in the supernova
remnant. As was stated on several occasions in this book, interstellar magnetic fields
would tangle up the path of electrons so much that it would be impossible to tell where
the came from if any such electrons had been observed (they have not) whereas photons
come in straight lines from their source often revealing their point of origin.

Finally I would like to comment about a remark the author makes on page 218
that I can not claim is wrong but which I, nevertheless, wish he had not made. This is the
statement that perhaps 800 cases of cancer are produced by cosmic rays per year in the
United States. Here the author is venturing onto murky and controversial waters. This
estimate is based on a linear extrapolation from high dose data down to near zero dose
rate (the linear model with no threshold.) It is well known that living organisms have the
capacity to self repair if the traumas they receive are not too large or frequent. Whether or
not this includes very low levels of ionizing radiation has not, to my knowledge, been
established. But, as the author states the effect is “lost in the noise” and it may not, in
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